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Abstract
Achieving and maintaining a healthy lifestyle is an important part of hypertension management. 
The purpose of this study was to assess US state-level prevalence of adherence to healthy lifestyle 
behaviors among those with self-reported hypertension. Using 2013 data from the Behavioral Risk 
Factor Surveillance System, a state-based telephone survey, we examined the adherence to 5 
healthy lifestyle behaviors related to hypertension management: having a “normal” weight, not 
smoking, avoiding or limiting alcohol intake, consuming the recommended amount of fruits and 
vegetables, and engaging in the recommended amount of physical activity. We estimated age-
standardized percentages of each healthy lifestyle behavior overall and by state, as well as 
prevalence of all 5 healthy lifestyle behaviors. Overall, the prevalence of healthy lifestyle 
behaviors varied widely among those with self-reported hypertension: 20.5% had a normal weight, 
82.3% did not smoke, 94.1% reported no or limited alcohol intake, 14.1% consumed the 
recommended amounts of fruits or vegetables, and 46.6% engaged in the recommended amount of 
physical activity. Overall, only 1.7% of adults with self-reported hypertension reported all 5 
healthy lifestyle behaviors, with significant variation by state. Age-standardized prevalence of 
individuals reporting all 5 healthy lifestyle behaviors ranged from 0.3% in Louisiana to 3.8% in 
the District of Columbia. In conclusion, adherence to healthy lifestyle behaviors varied among 
those with hypertension; fewer than 2% reported meeting current recommendations and standards 
when assessed collectively. Disparities were observed by demographic and descriptive 
characteristics, including geography.
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Hypertension affects almost 30% adults in the United States1 and is a major risk factor for 
heart disease and stroke, the first and fifth leading causes of death in the country, 
respectively.2 Although there have been improvements in the awareness and treatment of 
hypertension over the past decades, the control rate of 51.2% in NHANES 2011–2012 was 
still below the 61.2% goal in Healthy People 2020.3,4 The management of high blood 
pressure requires multiple synergistic interventions, including individual lifestyle behavior 
changes, regular and timely access to health care providers, and appropriate antihypertensive 
medication therapy if needed.5
Leading a healthy lifestyle, or engaging in heart-healthy behavioral changes, has a 
documented effect on lowering or controlling blood pressure and is recommended in current 
national guidelines.67 Lifestyle management of hypertension is an initial intervention for any 
patient newly diagnosed with hypertension.8 It is also recommended among those requiring 
antihypertensive medications, as it enhances medication efficacy and may reduce the number 
of medications needed to get blood pressure under control.8 Several healthy lifestyle 
behaviors have been identified as having an effect on lowering blood pressure, including 
reducing body weight or maintaining a normal weight, avoiding or limiting alcohol intake, 
consuming a healthy diet, and engaging in regular physical activity.5 For overall 
cardiovascular risk reduction, current guidelines also recommend smoking cessation.5 
Evidence-based guidelines and standards are available for each of these factors.6, 8 As 
populations, public health activities, and interventions to improve adoption of healthy 
behaviors vary across the United States, the assessment of these behaviors at the state level 
using the Behavioral Risk Factor Surveillance System (BRFSS) may inform specific 
interventions and communication messages to diverse audiences.
Using the 2013 BRFSS, the objective of this study was to assess adherence to healthy 




The BRFSS surveys have been conducted annually since 1984 by state departments of 
health, with support from the Centers for Disease Control and Prevention (CDC). The 
BRFSS is the world’s largest ongoing telephone health surveillance system, and it tracks 
health conditions and health-related behaviors in all 50 states, the District of Columbia, and 
the territories of Guam and Puerto Rico. The survey uses a random-digit dialing 
methodology to identify adults aged ≥18 years in the civilian, noninstitutionalized US 
population. Detailed survey information is available at www.cdc.gov/brfss.
The current study examined data from the 2013 BRFSS; the median state response rate was 
46.4% (range: 29.0%–60.3%).9 Participants in this study included those with self-reported 
hypertension. Personal characteristics used to calculate the prevalence of healthy lifestyle 
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behaviors included self-reported height and weight to obtain body mass index (BMI), 
tobacco use, alcohol use, consumption of fruits and vegetables, physical activity, and 4 
selected demographic characteristics (age, sex, race/ethnicity, and level of education). Self-
reported hypertension was defined by answering yes to the question, “Have you ever been 
told by a doctor, nurse, or other health professional that you have high blood pressure?” 
Those who answered “borderline or pre-hypertensive” or “female told only during 
pregnancy” were not classified as having hypertension. The 5 healthy lifestyle factors were 
defined from a different core section of the BRFSS. Healthy weight was defined as a BMI of 
18.5–24.9 kg/m2 based on self-reported height and weight. Not currently smoking was 
defined as ever having smoked less than 100 cigarettes or ever having smoked 100 or more 
cigarettes but not currently smoking. No alcohol or limited alcohol intake was defined as no 
more than 2 drinks per day for men and no more than 1 drink per day for women. 
Consuming recommended amounts of fruits and vegetables was defined using previously 
developed scoring algorithms,10 which predict whether an individual has consumed the 
recommended amounts of fruits and vegetables for their age and sex based on the times per 
day they reported consuming fruits and vegetables, along other individual characteristics, 
including race/ethnicity and income-to-poverty ratio.10 Preliminary analysis indicated that 
only 4.5% of the total BRFSS population consumed recommended amounts of both fruits 
and vegetables. Thus, for the current study, individuals consuming either the recommended 
amount of fruits or the recommended amount of vegetables were classified as consuming the 
recommend amount. Being physically active was defined as reporting ≥150 minutes a week 
of moderate-intensity physical activity, ≥75 minutes of vigorous-intensity activity, or an 
equivalent combination of aerobic physical activity. The summarized measures of the 5 
healthy lifestyle behaviors are shown in Table 1. Demographic variables included age (18–
44, 45–64 and ≥65 years), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, non-
Hispanic other, and Hispanic), and level of education (less than high school graduate, high 
school graduate, some college or technical school, and college graduate or above).
Statistical Analysis
The 2013 BRFSS survey had 491 773 respondents, and 198 874 reported hypertension. 
After excluding those who were not residents of the 50 states or the District of Columbia 
and those with missing information on age, sex, race/ethnicity, education, or any of the 5 
healthy lifestyle factors, 164 717 adults with self-reported hypertension were included in the 
final sample. The prevalence of respondents with each healthy lifestyle behavior and the 
percentage of those reporting all 5 healthy lifestyle behaviors, as well as those with 0–2 and 
4–5 healthy lifestyle behaviors were calculated. Age-specific percentages were estimated. 
Age-standardized percentages were estimated by sex, race/ethnicity, and level of education 
using the 2000 US standard projected population,11 both overall and for the 50 states and the 
District of Columbia. Gender-specific percentage of adherence to 0–2 and 4–5 healthy 
lifestyle behaviors were also calculated. Using logistic regression models, we estimated the 
prevalence ratio of adherence to all 5 healthy lifestyle behaviors for each state adjusting for 
age, sex, race/ethnicity, and level of education.12 Louisiana, the state with the lowest 
percentage of adult adherence to all 5 healthy lifestyle behaviors, was used as the reference. 
To test the difference of adherence to all healthy lifestyle behaviors across all states, we 
recoded states based on prevalence ratio, from the lowest (Louisiana) to the highest 
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(California). We entered this recoded variable into the logistic regression models as 
continuous variable, and as a categorical variable separately. In logistic regression model to 
assess the prevalence ratio of adherence 0–2 healthy lifestyle behaviors, California, which 
had the lowest prevalence rate, was used as reference. Furthermore, in logistic regression 
model to assess the prevalence ratio of adherence 4–5 healthy lifestyle behaviors, Tennessee, 
which had the lowest prevalence rate, was used as reference.
All analyses were weighted and the complex survey design of BRFSS was accounted for 
using SAS-callable SUDAAN (RTI International, Research Triangle Park, NC).
Results
In 2013, the number of BRFSS participants with self-reported hypertension ranged from 
1325 in Alaska to 12 746 in Florida. Overall prevalence of hypertension was 32.5% and 
varied by state from a low of 24.2% (Utah) to a high of 41.0% (West Virginia). Among those 
with self-reported hypertension, 20.5% were normal weight, 82.3% did not smoke, 94.1% 
limited their alcohol intake, 14.1% consumed the recommended amounts of fruits or 
vegetables, and 46.6% were physically active. Overall, 0.74% (95% confidence interval [CI] 
0.65%–0.83%) of respondents reported none of the 5 healthy behaviors, 8.8% (8.6%–9.1%) 
reported 1 behavior, 38.9% (38.4%–39.4%) reported 2 behaviors, 36.9% (36.4%–37.4%) 
reported 3 behaviors, and 13.0% (12.6%–13.3%) reported 4 behaviors. Only 1.7% (1.5%–
1.8%) of respondents with self-reported hypertension reported adherence to all 5 healthy 
lifestyle behaviors. Overall, almost half (48.5%) reported adherence to less than 3 (0–2) 
healthy lifestyle behaviors and only 14.6% reported adherence to 4–5 healthy lifestyle 
behaviors.
There were disparities in reporting healthy lifestyle behaviors by age, sex, race/ethnicity, and 
level of education among those with self-reported hypertension (Table 2). In general, those 
in older age categories, women, those classified as non-Hispanic other race, and those with 
at least a college education were more likely to report all 5 healthy lifestyle behaviors than 
their counterparts (based on percentage and 95% CI). For each individual healthy lifestyle 
behavior, those in older age categories were more likely to report healthy lifestyle behaviors 
than were younger respondents, except for consuming the recommended amount of fruits or 
vegetables. Women were more likely to report healthy lifestyle behaviors than were men, 
except for participating in recommended amounts of physical activity. Sex-specific 
prevalence showed that only among women, non-Hispanic other had significant higher 
percentage of reporting 4–5 healthy lifestyle behaviors than non-Hispanic black. This 
difference was not observed among men (e-Table 1).
By state, the age-standardized prevalence of reporting all 5 healthy lifestyle behaviors 
ranged from 0.3% in Louisiana to 3.8% in the District of Columbia (Table 3). Age-
standardized prevalence of reporting 0–2 healthy lifestyle behaviors ranged from 38.8% in 
California to 64.0% in Tennessee (e-Table 2). Age-standardized prevalence of reporting 4–5 
healthy lifestyle ranged from 6.6% in Tennessee to 22.4% in Arizona (e-Table 3). In general, 
western states and select New England and Midwestern states reported a higher percentage 
of adherence to all 5 healthy lifestyle behaviors than did most southern states (Figure 1). 
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Figure 2 shows the adjusted prevalence ratio of reporting 5 healthy lifestyle behaviors, using 
Louisiana as the referent. After adjusting for age, sex, race/ethnicity, and level of education, 
prevalence ratios ranged from a low of 1.42 (95% CI 0.71–2.85), (p value 0.320) in North 
Carolina to a high of 6.43 (95% CI 3.65–11.35), (p value <0.001) in California. The overall 
p-value cross all states was <0.001. Prevalence ratios of reporting 0–2 and 4–5 healthy 
lifestyle behaviors, using the lowest states with prevalence rate were presented in e-Table 2 
and e-Table 3, respectively.
Discussion
The principal finding of this study was that, among adults with self-reported hypertension, 
the prevalence of reporting each healthy lifestyle behavior ranged from 14.1% (consuming 
recommended amount of fruits or vegetables) to 94.1% (limiting alcohol consumption). 
However, among adults with hypertension, the percentage of reporting adherence to all 
health lifestyles behavior was very low, with only 1.7% reported all 5 healthy lifestyle 
behaviors. Almost half (48.5%) reported adherence to 0–2 healthy lifestyle behaviors. There 
were significant differences in reporting healthy lifestyle behaviors by sociodemographic 
characteristics and by state.
A select number of healthy lifestyle behaviors have been shown to influence blood pressure 
levels.5 The American College of Cardiology and the American Heart Association both have 
a targeted goal of preventing cardiovascular diseases through appropriate treatment for those 
with increased risk (having hypertension or hypercholesterolemia) using lifestyle 
management.6,13 Adherence to these healthy lifestyle behaviors could help prevent 
hypertension among normotensives and lower blood pressure levels among those with 
hypertension.5 Clinical trials have consistently shown the benefits of lifestyle modification 
for treating hypertension.14,15,16,17,18,19,20,21 Furthermore, healthy lifestyles could prevent 
or delay use of antihypertensive medication for grade I hypertension in adults and, among 
individuals who were using antihypertensive medications, contribute to additional blood 
pressure reduction22 and reduce the dosage and number of antihypertensive medications.8
Recent national surveillance data found that among those with coronary heart disease, only 
17%, 7%, and 21% achieved recommended goals for physical activity, sodium intake, and 
body weight, respectively.23 A study based on data from the English Longitudinal Study of 
Ageing showed that those with hypertension were more likely to report less physical activity 
and heavy alcohol intake than those without hypertension.24 US national data showed that, 
among those with hypertension, only 19.4% adhered to the Dietary Approaches to Stop 
Hypertension (DASH) eating plan.25 Using BRFSS data, we found that those with self-
reported hypertension were less likely to consume the recommended amounts of fruits and 
vegetables and to engage in recommended physical activity than were those without self-
reported hypertension.26
With its large, state-based surveillance system, the BRFSS provides an opportunity to assess 
healthy lifestyle behaviors among those with hypertension across all 50 states. This study 
showed that among those with self-reported hypertension, the percentage of those who 
adhered to all 5 healthy lifestyle recommendations was low (1.7%), and that there was 
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considerable variation in adherence to each individual healthy lifestyle behavior (more than 
90% reported limited alcohol intake, only about 20% maintained a normal weight, and just 
14% consumed recommended amounts of fruits or vegetables). Of the 5 healthy lifestyle 
behaviors, almost half of those with self-reported hypertension (48.5%) reported that they 
only adhered to 0–2 healthy lifestyle behaviors. Disparities were found by age, sex, race/
ethnicity, and level of education as well as by state. Among those with self-reported 
hypertension, those who were of older age, were female, and had higher levels of education 
were, in general, more likely to report adhering to healthy lifestyle behaviors than those who 
were younger, were male, and had lower levels of education. Women who were non-
Hispanic other were more likely to report adhering 4 or 5 healthy lifestyle behaviors than 
non-Hispanic black. Those with self-reported hypertension from southern states were less 
likely to adhere to the healthy lifestyle behaviors than those in western states or some New 
England states. These findings are similar to other studies that found a higher prevalence of 
cardiovascular disease risk behaviors in southern states (e.g., tobacco use27 and obesity28).
CDC is addressing the need to improve the population level adherence to healthy lifestyles 
through multiple strategies. These strategies are spread across 4 broad domains: 
enhancement of surveillance systems (monitor behaviors and risk factors); healthy 
environmental approaches (provide access to healthy foods and a safe environment for 
physical activity at school, workplace, or community); health care systems interventions (use 
team-based care to control blood pressure); and community-clinical linkages (promote 
partnerships between clinical and community organizations to increase access to 
community-based resources that promote healthy behaviors).29
This study has several limitations. All information obtained was based on self-report. 
Hypertension awareness in 2012 was 82.1%,30 so perhaps 18% of BRFSS respondents with 
hypertension were unaware of the condition and might be underrepresented here. In 
addition, self-reported weight is usually underestimated and self-reported height is usually 
overestimated, resulting in underestimation of BMI.31 The assessment of a healthy diet was 
limited to frequency of fruit and vegetable intake, which was the only dietary assessment in 
the BRFSS; however, fruit and vegetable intake can be a proxy for healthy eating habits.32 
Methods used to calculate percentages of those consuming recommended amounts may have 
introduced measurement errors because estimates were based on prediction models.10 
Regardless, as the largest state-based sample survey of self-reported health and health 
behaviors, BRFSS provides the unique opportunity to report state-level prevalence of 
adherence to healthy lifestyle behaviors among those with hypertension. Although different 
definitions were used in this study to estimate the prevalence of adherence to healthy 
lifestyle behaviors, the reported variations in demographic and descriptive characteristics 
were, in general, consistent with prior reports.333435 Those with a higher level of education 
and who were non-Hispanic other (non-white and non-black) race reported greater 
adherence to healthy lifestyle behaviors than those with lower levels of education and those 
of other races/ethnicities.3336 With the utilization of additional continuous annual survey, 
trend analyses will be possible to assess the changes of state level estimates in future years.
In conclusion, this study provides recent estimates of adherence to healthy lifestyle 
behaviors among those with self-reported hypertension for all 50 US states and the District 
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of Columbia. Although the prevalence of meeting selected healthy lifestyle behaviors was 
high (80%–90% of the population did not smoke and limited alcohol intake), fewer than 2% 
met all 5 healthy lifestyle behaviors recommended by the guidelines. These findings provide 
information that both health care providers and public health practitioners can use to 
improve their strategies to promote lifestyle modifications among individuals with 
hypertension. The state-based information in this report can be used by public health 
practitioners to address prevention of chronic disease, using CDC’s 4 domains to promote 
healthy behaviors at individual and population levels.27
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Age-standardized prevalence of reporting 5 healthy lifestyle behaviors among adults with 
self-reported hypertension, by quintiles of US states—Behavioral Risk Factor Surveillance 
System, 2013.
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Adjusted prevalence ratios* of reporting 5 healthy lifestyle behaviors among adults with 
self-reported hypertension, US states and the District of Columbia—Behavioral Risk Factor 
Surveillance System, 2013.
Adjusted by age, sex, race/ethnicity and levels of education
P-values represent the tests of each state to the reference state Louisiana based on the t-test
Crossing all states, the overall p-value is <0.001 when using state as either continuous 
variable or categorical variable
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